
34 The Journal of Surgery • Volume 2 • Issue 1 • 2004

Resulting from Pulsed and Scanned Resurfacing Lasers. Dermatol Surg 
1999; 25:739-44

32. Kauvar ANB, Waldorf HA, Geronemus RG. A histological comparison of 
“char-free” carbon dioxide lasers. Dermatol Surg 1996; 22:343-8

33. Becker DW. Use of the carbon dioxide laser in treating multiple cutaneous 
neurofibromas. Ann Plast Surg 1991; 26:582-6

34. Harel C, Shapshay SM, Bohigian RK et al. The treatment of rhinophyma - cold vs
laser techniques. Arch Otolaryngol - Head and Neck Surg 1993; 119:628-31

35. Apfelberg DB, Varga J, Greenbaum SS. Carbon dioxide laser resurfacing of 
perioral rhytids in scleroderma patients. Dermatology 1993; 10:189-91

36. Cerullo LJ. Use of the laser in neurosurgery. Surg Clin North Am. 1984; 
64:995-1000

37. Gregory RO. The risks of laser surgery. Clinics in Plastic Surgery 
1999; 26:109-113

38. Waldorf HA, Alster TS, McMillan K, et al. Effect of dynamic cooling on the
585nm pulsed dye laser treatment of port wine stain birthmarks. Dermatol Surg
1997; 23:657-62

39. Nelson JS, Milner TE, Anvari B, et al. Dynamic epidermal cooling in conjunction
with laser-induced photothermolysis of port wine stain blood vessels. Lasers in
Surgery and Medicine 1996; 19:224-9

40. Ross, E.V., et al., Nonablative skin remodeling: selective dermal heating with a
mid-infrared laser and contact cooling combination. Lasers Surg Med, 
2000; 26:186-95

41. Altshuler GB, Zenzie HH, Erofeev AV, et al. Contact cooling of the skin. Physics
in Medicine and Biology. 1999; 44:1003-23

42. Kilmer S, Wheeland RG, Goldberg DJ et al. Treatment of epidermal pigmented
lesions with the frequency-doubled Q switched ND:YAG laser. Arch Dermatol
130:1515-19

43. Kilmer SL, Lee MS, Grevelink JM et al. The Q-switched Nd:YAG laser 
effectively treats tattoos. A controlled dose response study. Arch Dermatol 
1993; 129:971-8

44. Apfelberg BD, Bailin P, Rosenberg H. Preliminary  investigation of KTP/532 laser
light in the treatment of hamangiomas and tattoos. Lasers Surg Med 
1986; 6:38-42

45. Reid WH, McLeod PJ, Ritchie A, Ferguson-Pell M. Q-switched ruby laser 
treatment of black tattoos. Br J Plast Surg 1983; 36:455-459

46. Goldman L. The argon laser and port wine stain. Plast Reconstr Surg. 
1980; 65:137-9

47. Becker DW. Use of the carbon dioxide laser in treating multiple cutaneous 
neurofibromas. Ann Plast Surg 1991; 26:582-6

48. Nehal KS, Levine VJ, Ross B, Ashinoff R. Comparison of high-energy pulsed 
carbon dioxide laser and dermabrasion in the resurfacing of surgical 
scars. Dermatol Surg 1997; 23:669

49. Puliafito CA, Steinert RF, Deutsch TF et al. Excimer laser ablation of the cornea
and lens. Opthalmology 1985;92: 741-748

50. Farah SG, Azar DT, Gurdal C, et al. LASIK: literature review of a developing
technique. J Cataract Refract Surg 1998;24:989-1006

51. Edstrom DW, Ros AM. The treatment of port wine stains with the pulsed dye laser
at 600nm. Br J Dermatol 1997; 136:360-3

52. Troilius A, Troilius C. Hair removal with a second generation broad spectrum
intense pulsed light source - a long-term follow-up. J Cutan Laser Ther
1999;1:173-8

53. High-intensity flashlamp photoepilation. A clinical, histological, and mechanistic
study in human skin. Arch Dermatol 1999; 135:668-676

54. Kokosa J., Eugene J., Chemical Composition of Laser - Tissue Interaction Smoke
Plume. Journal of Laser Applications, 1989 July:59-63.

55. Wenig, Barry L., Kerstin M. Stenson, Bruce M. Wenig, and Diana Tracey. Effects
of Plume Produced by the Nd:YAG Laser and Electrocautery on the Respiratory
System. Lasers in Surgery and Medicine, 1993; 13:242-45.

56. Guidance on the Safe Use of Lasers in Medical and Dental Practice The Medical
Devices Agency 1995 (ISBN 1 85839 488 0, The MDA, Hannibal House London

57. Moseley H and  Davies W “Biomedical Laser Safety” in C. E. Webb and 
J. D. C. Jones (Eds.), Handbook of Laser Technology and Applications (Institute
of Physics, London, 2003).

2. Schawlow, Arthur L., and Charles H. Townes, Infrared and Optical Masers,
Physical Review 112:1940-1949.

3. T.H. Maiman, Stimulated optical radiation in ruby lasers, Nature 1960 187:493
4. Spicer MS, Goldberg DJ. Lasers in Dermatology. J Am Acad Dematol 

1996; 34: 1-25.
5. Raulin C. IPL technology: a review. Lasers Surg Med 2003; 32:78-87
6. Marks MW, Marks C. Fundamentals of Plastic Surgery. New York: 

WB Saunders, 1999.
7. Fuller TA. The physics of surgical lasers.  Lasers Surg Med 1980; 1:5-14
8. Achauer BM, Vander Kam VM, Berns MW Lasers in Plastic Surgery 

and Dermatology. 1992. Thieme, New York.
9. Nelson JW, Berns MW. Basic laser physics and tissue interactions. Contemp

Dermatol.  1988; 2: 12-32.
10. Aslami M, DeLuca C. Practical considerations in selecting optical fibers. 

Laser Focus 1984 110:11
11. Council on scientific affairs. Lasers in medicine and surgery. 

JAMA 1986; 256:900-907
12. Haina D, Landthaler M, Braun-Falco O et al. Comparison of the maximum 

coagulation depth in skin for different types of medical lasers. Lasers Surg Med
1987; 7:355-62

13. Anderson RR, Parrish JA. Selective photothermolysis: a precise microsurgery by
selective absorption of pulsed radiation. Science 1983; 220:524-7

14. Hruza GJ, Dover JS, Flotte TJ et al. Q-switched ruby laser irradiation of normal
human skin: histological and ultrastructural findings. Arch Dermatol 
1991; 127:1799-1805

15. Pickering JW, Butler PH, Ring BJ, Walker PE. Thermal profiles of blood vessels
heated by a laser. Australas Phys Eng Sci Med 1989; 12:11-5

16. Grossman MC, Dierickx C, Farinelli W, et al. Damage to hair follicles by 
normal-mode ruby laser pulses. J Am Acad Dermatol 1996; 35:889-94

17. Tan OT, Murray S, Kurban AK. Action spectrum of vascular specific injury using
pulsed irradiation. J Invest Dermatol 1989; 92:868-71

18. Goldberg. Benign pigmented lesions of the skin: treatment with the Q-switched
ruby laser. J Dermatol Surg Oncol 1993. 19:376-9

19. Bencini PL, Luci A, Galimberti M et al. Long-term epilation with long-pulsed
neodymium:YAG laser. Dermatol Surg 25: 175-8

20. Imayama S, Ueda S. Long- and short-term histological observations of congenital
nevi treated with the normal mode ruby laser. Arch Dermatol 1999; 135:1211-8.

21. Ueda S, Imayama S. Normal-mode ruby laser for treating
congenital nevi. Arch Dermatol 1997; 133:355-9

22. Anderson RR, Margolis RJ, Watenabe S, et al. Selective photothermolysis of 
cutaneous pigmentation by Q-switched Nd:YAG laser pulses at 1064, 532 and 
355 nm. J Invest Dermatol 1989; 93:28-32

23. Murphy GF, Shepard RS, Paul BS et al. Organelle-specific injury to melanin-
containing cells in human skin by pulsed laser irradiation. Lab Invest 
1983; 49:680-95.

24. Hruza GJ, Dover JS, Flotte TJ, et al. Q-switched ruby laser irradiation of normal
human skin: histological and ultr structural findings. Arch Dermatol 
1991; 127:1799-805.

25. Ferguson JE, Andrew SM, Jones CJP et al. The Q-switched neodymium:YAG laser
§and tattoos: a microscopic analysis of laser tattoo interactions. Br J Dermatol
137:405-410

26. Taylor CR, Anderson RR, Gange RW, Michaud NA, Flotte TJ. Light and electron
microscopic analysis of tattoos treated by Q-switched ruby laser. J Invest Dermatol
1991; 97:131-6

27. Reid R. Physical and surgical principles governing carbon dioxide laser surgery on
the skin. Dermatol Clin 1991; 9:297-316

28. Dumon JF, Shapshay SM, Bourcereau J et al. Principles for safety in application
of Nd:YAG laser in bronchology. Chest 1984; 86:163-168

29. Krasner N, Barr H, Skidmore C et al. Palliative laser therapy for malignant 
dysphagia. Gut 1987; 28:792-8

30. Ross EV, Domankevitz Y, Skrobal M, Anderson RR. Effects of CO2 in ablation
and residual thermal damage: Implications for skin resurfacing. Lasers Surg Med
1996; 19:123-129.

31. Bernstein EF, Brown DB, Kenkel J, Burns AJ. Residual Thermal Damage

The Evolution of Corneal Refractive Surgery
D. L Oladiwura, E. Oki, M. Stanford 
Medical Eye Unit, St Thomas’ Hospital, London SE1 7EH. United Kingdom.
Correspondence to:Mr Miles Stanford, Consultant Ophthalmologist, Medical Eye Unit, St Thomas’ Hospital,
London SE1 7EH. United Kingdom.

Refractive errors are some of the most common ophthalmic 
abnormalities worldwide and are associated with significant 
morbidity with recent population-based studies identifying them
as the leading cause of visual impairment worldwide.1 In North
America for instance, as many as 1 in 5 people have some degree
of myopia while several studies suggest up to 50% of the 
population may be hyperopic.2 Traditionally, spectacles have been
the mainstay of treatment. However, in cases where the patients
suffer from severe myopia, hyperopia or astigmatism, eyeglasses
have proven less than satisfactory for reasons such as optical 
distortion or significant inconvenience.3 With the objective of
improving on these shortcomings, contact lenses were introduced
in 1960, but even this revolution in management is not without its

disadvantages, requiring as it does, manual dexterity to insert and
being associated with sight-threatening complications such as
corneal ulcers and severe infection1.

In the last 30 years, surgical procedures aimed specifically at 
altering the focusing or refractive properties of the eye have led to
the development of what many now consider a bona fide surgical
specialty in the field of ophthalmology. The range of surgical 
techniques for the rectification of refractive errors has been
diverse, pioneering, and daring.  The evolution of refractive 
surgery as a subspecialty has been driven by consumer/patient
enthusiasm, a vigorous response by the ophthalmic profession, an
enormous investment by the technical industry, and a relatively
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high overall degree of patient satisfaction.4 This article aims to 
provide a historical account of the evolution of modern corneal
refractive surgery from its modest beginnings to date.

The History of Non- Surgical Correction 
of Refractive errors
The earliest recorded attempt to rectify a refractive error was by
the Greek philosopher Aristophanes who had serendipitously 
identified the magnification properties of glass 5. However, it was
not until approximately 150 AD that Ptolemy discovered the basic
rules of light diffraction, writing extensively on the subject5.

Most of the literature credits the religious teacher Sofronius
Eusebius Hieronymus, (340 to 420 AD) as the inventor of 
spectacles6 although the verity of this claim is ambiguous5.
In numerous works of art he is portrayed with a lion, a skull and a
pair of glasses and as a result has been made the patron saint of
optometrists5.  The first reliably documented use of spectacles was
not until 1289 when in a manuscript, a member of the Popozo 
family wrote; “I am so debilitated by age that without the glasses
known as spectacles, I would no longer be able to read or write”6.
In the 15th century, the arrival of the printing press and mass 
produced books necessitated the design of inexpensive spectacles. 
This led to the era of the riveted spectacle consisting of two 
convex lenses connected by a nose bridge but without an overall-
supporting frame. Edward Scarlet, an 18th century, British 
optician, improved on this with the invention of the rigid bridge
spectacles which were superior in design to the riveted spectacles
because they stayed in place even with head movement.7

The concept of contact lenses originated with Leonardo da Vinci
in the 16th century when he contemplated the possible source of
visual disturbances. Nearly a century and a half later, Rene
Descartes proposed the idea of a corneal contact lens7. In 1801,
Thomas Young a British physician developed a prototype based on
Descartes’ idea, a inch long, water-filled glass tube, with a 
microscopic lens exterior, and used it to correct his own vision
after first calculating the refractive strength required to rectify his
visual defect8. Contact lens technology development did not begin
in earnest for another 26 years when in 1827, British astronomer
Sir John Herschel suggested creating contact lenses that could
conform exactly to the eye’s surface. Sixty years later, 
Zurich-based ophthalmologist Eugene Fick reported treating a
corneal disorder by creating lenses to be placed directly in the eyes
on top of a layer of liquid7. However, the popularity of contact lens
usage was not until the late 20th century when more comfortable
designs had become available 7.

Contact lenses and spectacles have evolved in design over 
centuries in terms of comfort, appearance, safety and use of 
technology into the modern day standard. Despite these 
developments, corneal surgery started in the early 1900s, probably
because the ultimate goal had always been to correct refractive
errors permanently and rid people of the need to use either 
spectacle or contact lenses.

The History of Refractive Surgery
The objective of refractive surgery is to adjust the 
refractive state of the eye by altering the shape of the cornea 9.
Since the cornea is easily accessible and responsible for two thirds
of the refractive power of the eye, the idea of altering the shape of
the anterior surface of the cornea was deemed better than 
intraocular surgery involving the removal or the insertion of 
lenses9. Surgical procedures to alter the shape of the cornea date
back over 130 years. 10 In 1896, a Dutch physician Leendert Jan
Lans (working on his doctorate) performed systematic 
experiments using animal eyes, to study and define the principles
of keratotomy10. He confirmed that transverse incisions could 
flatten the cornea in the perpendicular meridian. This was the 
origin of Radial keratotomy (RK).

Modern Refractive Surgery
RADIAL KERATOTOMY
In 1936, Tsutomu Sato observed that spontaneous breaks in
Descemet’s membrane (figure 1) in patients with keratoconus,
caused flattening of the cornea once healed 12.

Figure 1. Structure of 
the Corneal Stroma.

In cases of trauma, it was noted that injury to Descemet’s
membrane was greater than to Bowman’s membrane12, suggesting
that surgery on the posterior aspect of the cornea would be more
effective. Three years later Sato devised a procedure to change the
corneal curvature by making a horizontal incision in the corneal
endothelium in patients with keratoconus.12 Sato reported the 
safe use of posterior keratotomy to correct astigmatism and 
anterior’posterior corneal incisions to correct myopia in 1941 and
1943 respectively.13, 14

Since then the incidence of bullous keratopathy (fluid - filled 
blisters in the corneal surface) as result of Sato-type surgery has
been on the increase 15. Nearly all 300 RKs performed resulted in
blindness owing to Sato’s approach in which incisions where
made on the endothelial surface of the cornea15. Usually, the
corneal endothelium provides a balance in hydration to maintain
the cornea’s transparency, consequently endothelial disruption 
in RK leads to corneal swelling 16.

By the mid-1970s, Russian scientist Svyatoslov Fyodorov 
developed a method of anterior radial keratotomy where by a 
variation in the number of incisions and amount of uncut clear
central zones between them, allowed him to control the degree 
of visual correction.16 (figure 2). 

Figure 2. Radial Keratotomy.

Thus for the first time the medical establishment was convinced
of the efficacy of RK as a method of myopia reduction and in 1980
the National Institutes of health sponsored the PERK (Prospective
Evaluation of Radial Keratotomy) study which provided factual,
scientific data on standardised radial keratotomies performed 
in nine centres across the United States17. Disadvantages of this
procedure include blurred or washed out vision, pain, night vision
problems, extended recovery time (about six months), residual
astigmatism and irreversibility16.

LASER REFRACTIVE 
SURGERY TECHNIQUES
The advent of the laser (Light Amplification System for Emitted
Radiation) in the 1980s as an instrument used for reshaping the
corneal stroma was a great step forward in refractive surgery 16.
The progression of this technique from a novel experimental area
to its common use in millions of patients annually around the
world has occurred in less than two decades. At different stages
during the evolution of laser techniques, various problems were
identified and overcome16. This has encouraged powerful 
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commercial interests to vigorously advocate these approaches for
routine refractive correction in lieu of traditional optical methods. 

The main procedures currently utilised are photorefractive 
keratectomy (PRK) and laser in situ keratomileusis (LASIK) and
a recently introduced (1999) modification of PRK, laser-assisted
sub-epithelial keratectomy (LASEK) 16. In PRK a laser is used to
vaporise the anterior cornea (a pre-calculated thickness of
Bowman’s membrane and stroma) and create a thinner flatter 
central zone to correct the refractive error16. Some of the problems
with PRK include pain, corneal haze or scarring, and the potential
for infection creating a reduction in visual acuity and the 
procedure is usually permanent irrespective of outcome 16.
Advantages are that it is quick, more accurate than RK 
and enhancements if required are easier. The popularity of RK has
declined because of the superior outcomes from PRK 
and LASIK18.

In LASIK, on the other hand, a corneal flap of about 130 to 160
microns deep is first raised with a microkeratome before 
the underlying stroma is ablated followed by replacing the flap19

(figure 3 and 4). 

Figure 3. The raising of a corneal flap using a 
microkeratome in Lasik.

Figure 4. The use of the excimer beam to reshape 
the cornea.

This procedure showed much more promise than the RK or PRK
techniques did but it was not without its complications16.
These included flare and glare (if the patientís pupil size was not
accounted for), poor night vision, loss of best spectacle aided 
visual acuity, irreversibility, irregular astigmatism and folds in
Bowmanís membrane. Currently, it is the dominant procedure 
in refractive surgery20.

The main advantage of the LASIK procedure over PRK is its
maintenance of the central corneal epithelium21. During the early
post-operative period, it increases comfort and allows for rapid
visual recovery with a reduction in the wound healing response21.
A reduction in wound healing correlates with less regression 
for high corrections and a lower incidence of complications 
such as haze due to stromal opacity.21 For mild to moderate 
corrections PRK remains as an excellent option, especially in
cases associated with thin corneas, recurrent erosions, or a 
predisposition to trauma21.

In the LASEK procedure, a corneal epithelial flap 
is created using an alcohol solution, which is repositioned after
ablation 22. The benefits of the creation of an epithelial flap 
compared with the traditional PRK are not fully understood.
Proponents of LASEK suggest that in the early postoperative 
period there is less discomfort, faster visual recovery, and less
haze in comparison with standard PRK for correction of 
comparable levels of refractive error22, 23.

A study by Kitazawa et al was able to demonstrate that LASEK
achieved good uncorrected visual acuity, but there were some
complications such as postoperative pain, delayed recovery of
visual acuity, and corneal haze, meaning that a long and careful
follow-up becomes a necessity22. Further long-term clinical trials,
along with laboratory research, will be critical to the validation of
the inherent advantages of the LASEK procedure.

In conclusion, corneal refractive surgery has advanced 
considerably in the past 130 years and with the more recent 
developments like LASEK, the use of spectacles and contact 
lenses for aided visual acuity may become a thing of the past if
future prospective studies prove such techniques to be as effective
and safe.
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